Abstract. This research aimed to determine the antimicrobial activity of ethanol extract of Petiveria alliacea stem (EEPS) against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Candida albicans. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were determined by perforation and broth micro dilution methods. Study on the mechanism of action of EEPS was conducted by molecular docking and Scanning Electron Microscopy (SEM) techniques. The results showed that EEPS had an inhibitory activity against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and Candida albicans with MIC values of 256, 128, 256, 512 µg/ml, consecutively. These values are included in to the medium category. Through the process of molecular docking, the best interaction was observed between S-benzyl-Lcysteine sulfoxide with penicillin-binding protein receptor of Pseudomonas aeruginosa characterized by free energy change (ΔG) of 4.32 kcal/mol, and the Ki value of 682.16 μM.
Introduction
According to the World Health Organization (WHO), infectious diseases and parasites represent the leading cause of mortality worldwide. Bacterial infections contributed to about 2 million of mortality globally [1, 2] . Staphylococcus aureus, Escherichia Coli, and Pseudomonas aeruginosa are phatogenic bacteria that commonly cause infection in humans [3] .
Staphylococcus aureus causes diarrhea, inflammation, necrosis, pneumonia, endocarditis and septicemia [4] . Escherichia coli causes infection in the urinary tract, diarrhea, sepsis and meningitis [3] . Pseudomonas aeruginosa was reported as the most frequent cause of nosocomial infections, especially in the Intensive Care Unit (ICU) [3] . In 2011, 1.5 million cases of fungal infections were caused by Candida species [5] . To cure infectious disease, the treatment using antibiotic is still the most effective approach. The microbial resistances to antibiotics keep increasing from year to year. Thus, new sources of antimicrobial agents need to be discovered as alternative drugs which are more effective, cheaper and safer.
Indonesia is known as one of the countries in the world which has the biological diversity.Based on The Agenda of National Research 2015-2019 [6] , the research on herbal medicines using the biological diversity of Indonesia is encouraged, so the studies to discover new sources of antimicrobial agents are very relevant. Petiveria alliacea belongs to Phytolaccaceae family, and has different names in many countries [7] . This plant contains many compounds, including alkaloids, flavonoids, triterpenoids, steroids and sulfurs. In Brazil, Petiveria alliacea is used as antispasmodic, diuretic and stimulant [8] . In Indonesia, Petiveria alliacea has been reported to have analgesic and anti-inflammatory effects. This plant is also used to treat hemoptysis [9] .
The presence of thiosulfinates and trisulfides are estimated as the most active compounds as antibiotic and antifungal agents [10] . Kubec et al (2001) isolated the compound of S-benzyl-lcysteine sulfoxide in various macerates, extracts and other preparations of Petiveria alliacea, this compound is estimated has antimicrobial effect. Therefore, the present study aimed to determine the antimicrobial activity, and to review the mechanism action of Petiveria alliacea stem against microbial pathogens, including Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa,and Candida albicans, applying in vitro perforation and micro dilution methods. Insilico method was also used by adding a receptor to a ligand, and observing the morphological changes using a Scanning Electron Microscope (SEM).
Materials and Methods

Preparation of Extract
Fresh stems of Petiveria alliacea were obtained from Balitro, Bogor. The sample was determined at the Laboratory of Plant Taxonomy, UNPAD. The plant material was collected, shaded, dried and powdered. As much as 1000 g of powdered stems were macerated in 10 l of a mixture of ethanol and water (4:1) for 24 h. It was filtered and concentrated to a small volume to remove the entire ethanol using a rotary evaporator. The extract was concentrated again in a water bath at 50-60 o C until totally dry.
Characterization and Phytochemical Screening of Extract
The extract was characterized for its water level, ash level, ethanol soluble concentrates level, water soluble concentrate level and density. The ethanol extract of Peveria alliacea stems (EEPS) was screened for the presence of alkaloid, flavonoid, saponin, quinine, tannin, steroid/triterpenoid and sulfur compounds.
In Vitro Studies
This in vitro study was done using micro dilution, perforation, and Scanning Electron Microscope (SEM) method based on the previous method done by Yani M (2012) and Valgas (2007) [9;11] . Briefly, 100 µl of Mueller-Hinton Agar (MHA) media were used for the growth of bacteria. Mueller-Hinton Broth (MHB) media were used for the growth of fungi. Each media were poured into microplates in the first column (negative control) using micro dilution method.
As much as 5 µl of bacterial or fungal suspension were poured into 10 ml of MHA/MHB and homogenized using the vortex. An amount of 100 μl of the mixture was poured into microplate in the second until the twelfth column. In the twelfth column, 100 μl of antibiotic 
In Silico Studies
The study of mechanism of action of EEPS as antibiotic and antifungal agents was carried out using in silico docking and SEM method. The docking result was determined and bacterial assay was chosen for the study of mechanism of action.
In the docking method, ligand compound used was sulfur group, S-benzyl-1-cysteine sulfoxide which was commonly found in Petiveria alliacea stem, assumed to have antibiotic and antifungal activities. S-benzyl-1-cysteine sulfoxide was modeled in the 2D and 3D form using an application known as ChemDraw Ultra 8.0. The examined compound/ligand that would be used was geometrically optimized to gain the stability of energy of molecule compound assay and to know the most stable of molecule compound position using DFT (Density Functional Theory) method with B3LYP function basis by setting 3-21G with Gaussian09 application. The morphological changes from bacteria and fungi after exposing the EEPS was studied using SEM and observed from the result of in silico studies using the docking method with the best binding energy between ligand and protein. If the binding energy of the conformation getting smaller, the result of docking is better.
D-alanine carboxypeptidepenicillin binding protein receptor can be found in Escherichia coli
Observations of Cell Morphology
The bacterial suspension (24 h) was poured into the ethanol extract with a concentration of 4x minimum inhibitory concentration (MIC). The solution was incubated at 37 o C for 24 h, it was then centrifuged at 3500 rpm for 20 min. The supernatant was separated from the pellet. The pellet was soaked in glutaraldehyde 2% for 24 h, then it was soaked in cocodylate buffer for 20 min. After that, the pellet was soaked in osmium tetraoxide 1 % for 1 h, it was then dried using alcohol of 70%, 80%, 95% and absolute for 20 min. The pellet was suspended with butanol and put down on the dried cover slip. The cover slip was coated with the gold using a vacuum process for 20 min and it was observed using a SEM [9] .
Results and Discussion
Phytochemical Screening
The study of anti-infective activity of EEPS against bacteria and fungi was started by collecting fresh Petiveria alliacea from Balitro, Bogor. Authenticated voucher samples were deposited at the Laboratory of Plant Taxonomy, Biology department, UNPAD. The extraction result showed the Petiveria alliacea stem has yield of 8.24% extract.
Phytochemical screening of extract revealed the presence of alkaloid, tannin, flavonoid, triterpenoid and sulfur compounds as shown in Table 1 . The characterization of extract and dried powder aimed to know and ensure the quality of dried powder in accordance with the requirements (Table 2) . 
In Vitro Studies
Based on the measuring of the diameter of minimum inhibitory concentration of EEPS against
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Candida albicans, Table 3 showed that EEPS exhibited antimicrobial activity against Staphylococcus aureus, Escherichia coli with a inhibition zone diameter of 6.0 mm and 6.6 mm and considered as medium category with concentration of 5 µg/ml, whereas with concentration of 2.5 µg/ml the EEPS has inhibitory effect against Pseudomonas aeruginosa and Candida albicans with diameter of inhibition zones of 6.9 mm and 6.0 mm and considered as medium category.
The results showed in Table 3 indicated that EEPS is effective as an antibiotic against Staphylococcus aureus (Gram +), Pseudomonas aeruginosa, Escherichia coli (Gram -) and also effective as an antifungal agent against Candida albicans. The results showed that EEPS had activity as anti-infective towards fungi and bacteria, which
were Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli,and Candida albicans with the Minimum Inhibitory Concentration (MIC) of 256 µg/ml, 128 µg/ml,256 µg/ml, and 512 µg/ml, respectively. The Minimum Bactericidal Concentration (MBC) of those bacteria were >512 µg/ml, 512 µg/ml,>512 µg/ml, and>1024 µg/ml, respectively, as shown in the Table   4 . 
In Silico Studies
Binding of S-benzyl-L-cysteine sulfoxide which is contained in the EEPS with active receptors of bacteria and fungi in the creation of peptidoglycan and ergosterol is performed by docking in silico method. To support the in vitro data, the selection of bacteria and fungi to be continued with SEM. Table 5 . The low value of ∆G showed that conformation was stable.
The lower the ∆G value, then more stable the interaction between ligand and receptor. Besides Gibbs Free Energy (∆G), the natural ligands also yielded 682.16 uM , 11.52 mM 1.83 uM, and 1.18 mM of Inhibition Constant (ki). The lower the value of ki, the better the affinity between ligand-receptor [13] . From the data above, it can be concluded that the best interaction happened between S-benzyl-L-cysteine sulfoxide with Penicillin-binding protein receptor of
Pseudomonas aeruginosashowed with the value of Gibbs Free Energy (∆G) and Inhibition
Constant (ki). The binding of S-benzyl-1-cysteine acetate with PBP3 Pseudomonas aeruginosacan be seen in Figure 1 . The result of docking of S-benzyl-1-cysteine acetate with PBP 3 Pseudomonas aeruginosa in Table 6 has ten hydrogen bonds with the residue of THR, serine (SER), asparagine (ASN), lysine (LYS), valine (VAL), and arginine (ARG). The lower distance between donor atom with acceptor atom showed the better interaction between ligand-receptor [14] . The substance that has better activity can bind to more amino acid. Moreover, with the mutual amino acid bonds of substance and natural ligand towards receptor proved that the five best substances were the candidates of Penicillin-binding protein 3 Pseudomonas aeruginosa [15] . Table 6 . Binding between S-benzyl-L-cysteine sulfoxide and Penicillin-binding protein of Pseudomonas aeruginosa Table 6 showed that S-benzyl-L-cysteine sulfoxide substance that was present in EEPS was the best substance to inhibit the formation of the cell wall of bacterium Pseudomonas aeruginosa.
This results confirmed the findings in the in vitro test that EEPS was the most effective on
Pseudomonas aeruginosa bacterium because it had the smallest MIC of 128 µg/ml and the smallest MBC of 512 µg/ml using the broth micro dilution method and the MIC of 5 µg/ml with a inhibition zone diameter of 8.6±0.15 mm using perforation method.
Observations of Cell Morphology
The observation results using SEM (Figure 2) showed that Pseudomonas aeruginosa cell which was treated with EEPS of 4x MIC (128µg/ml) for 24 hours at 37 0 C had the abnormal cell wall which is shown by the presence of porous, bumps and shrinking on the cell wall. The formation of pores on the cell surface and the shrinking cell wall was expected because cell wall was not synthesized perfectly. As for the formation of small bumps on the bacteria cell was caused by the inability of the damaged peptidoglycan cell of antibiotic substance to hold the high intracellular tension, so that the cytoplasm forced out from the bump. This is usually shown in the area which was weakened by the antibiotic substance.
The antibiotic mechanism of action of EEPS towards Pseudomonas aeruginosa was determined by comparing cell morphology between Pseudomonas aeruginosa which was treated with antibiotic and extract. Antibiotics used as controls were tetracycline HCl and amoxicillin. SEM 
Conclusion
Ethanol extract of Petiveria alliacea had antimicrobial effects on Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Candida albicans with minimum inhibition concentrations of 256 µg/ml, 128 µg/ml, 256 µg/ml, and 512 µg/ml, respectively using the broth micro dilution method, and had medium inhibition diameter category when using the perforation method. The molecular docking method produced the best interaction between Sbenzyl-L-cysteine sulfoxide with the Penicillin-binding protein receptor of Pseudomonas aeruginosa. The obtained 4.32 kcal/mol value of bond energy (ΔG), 682.16 µM of Ki coefficient, as well as ten hydrogen bonds with THR amino acid, serine, asparagine, lysine, valine, and arginineas residues. Based on the morphologic destruction pattern ratio of the cell Pseudomonas aeruginosa as observed using the microgram obtained from SEM, we could conclude that the antimicrobial activity of Petiveria alliacea extract was similar to that of amoxicillin, which was to impede cell wall synthesis.
